The objective of this paper was to develop agro-climatic zones in the old cultivated lands of Egypt in the Nile Delta and Valley using climate normals from 1985-2014 to facilitate better irrigation water management under water scarcity conditions. 30-yearmonthly climate data were collected for 17 agricultural governorates in Egypt and yearly averages and 30-year averages were calculated. BISm model was used to calculate yearly averages of potential evapotranspiration (PET) and 30-year average for each governorate. Analysis of variance was done using one factor randomize complete block design, with number of years as replicates. Furthermore, the mean, the range and R 2 were calculated to test the strength of the relationship between PET and climate elements. The means of PET for each governorate was separated and ranked in ascending order using least significant difference test (LSD 0.05 ). The results identified 7 agro-climatic zones (LSD 0.05 = 0.146). These zones were: (1) Alexandria; (2) Demiatte, Kafr El-Sheikh and Dakhlia; (3) El-Behira, and El-Gharbia; (4) El-Minofia, El-Sharkia, El-Kalubia, Giza and El-Fayom; (5) Beni Sweif, El-Minia, Assuit and Sohag; (6) Qena; and (7) Aswan. Such zoning will increase the ability of the Egyptian policy makers to prepare the appropriate water management and development policies as a result of the availability of proper information on each zone aiming at efficient use of the limited water resources.
INTRODUCTION
Egypt is one of these areas that already experiencing water scarcity, although it is gifted by the Nile River, which is the main water source for irrigation and other uses. Egypt has reached a state, where the quantity of water available is imposing limits on its national economic development [ABOU ZEID 2002] . This situation creates challenges for agricultural scientists to manage the available water resources properly, taking into consideration water resources conservation. One of the suggestions to attain that is to implement agro-climatic zoning. A particular region can be divided into agro-climatic zones based on homogeneity in weather variables that have the greatest influence on crop growth and yield [DOORENBOS, KASSAM 1979] . Thus, agro-climatic zone is a land unit in terms of major climate, superimposed on length of growing period i.e. moisture availability period [FAO 1983] . As a result, crops growth periods, water requirements and irrigation scheduling are dependent on weather conditions. Potential evapotranspiration (PET) is the major determinant of crops water requirements. It is a combination of two processes water evaporation from soil surface and transpiration from the growing plants GARDNER et al. [1985] . Di-rect solar radiation and, to a lesser extent, the ambient temperature of the air provides energy for evaporation. Whereas, solar radiation, air temperature, air humidity and wind speed should be considered when assessing transpiration [ALLEN et al. 1989 ]. Various equations varying in the degree of complexity are available for estimating PET. However, the PenmanMonteith equation is widely recommended, although it is characterized by its complication, its detailed theoretical base and its accommodation of small time periods overcomes its complexity.
There were several attempts in Egypt to develop agro-climatic zones. The earliest one was the division of Egypt into three main agro-climatic zones, i.e. Lower Egypt, Middle Egypt and Upper Egypt, which was more administrative than climatic [EL-BAGOURI 2008] . Further zoning for Egypt divided the country into 9 agro-zones: (1) Coastal zone; (2) Central Delta; (3) East and West Delta; (4) Giza; (5) Minia; (6) Assuit and Sohag; (7) North Qena; (8) South Qena and (9) Aswan [EID et al. 2006] . The previous classification depended on the calculation of annual PET for each governorate. When the difference between the PET of several governorates was less than 5%, they grouped together in one zone EID et al. [2006] . MEDANY [2007] developed agro-ecological zones using regression equations to predict reference evapotranspiration for a certain zone using average temperature and month number in the year. These zones were: (1) North Delta (Dakhlia, Gharbia, Damietta and Kafr El--Sheikh); (2) West Delta (Alexandria and Behira governorates); (3) Middle Delta, (Ismailia, Kalubia, Minofia, Port-Said, Sharkia governorates); (4) South Delta (Giza, Cairo, Beni Sweif and Fayom governorates); (5) Middle Egypt (Sohag, Qena, Assuit and Minia governorates) and (6) Upper Egypt region (Aswan governorate). A more recent classification was published by KHALIL et al. [2011] , where CROPWAT model [FAO 1992 ] was used to calculate PET using 10-year weather data for 20 governorates. These zones were: (1) Alexandria and Demiatte; (2) Dakhlia and North Sinai; (3) Kafr El-Sheikh and El-Gharbia; (4) Ismailia, El-Sharkia and El-Monofia; (5) El-Kalubia, Beni Sweif and El-Minia (6) Giza, Qena, Sohag and El--Wadi El-Gedid; (7) El-Behira and El-Fayom and (8) Assuit and Aswan. The problem with this classification is it includes one governorate cultivated under rain fed (North Sinai) and another governorate cultivated using ground water (El-Wadi El-Gedid) and the soil of these two governorates is sandy in texture.
The objective of this paper was to develop agroclimatic zones in the old cultivated land of Egypt in the Nile Delta and Valley using climate normal from 1985-2014. Such zoning can facilitate better irrigation water management under water scarcity conditions.
MATERIALS AND METHODS

THE SELECTED SITES
The Nile Delta and Valley is composed of 17 governorates and it is called the old cultivated. The soil of these governorates is mainly clay (heavy soils). The very common classification of Egypt's agricultural governorates is Nile Delta (9 governorates), Middle Egypt (4 governorates) and South Egypt (4 governorates). Such governorates are shown in Figure  1 and the latitude, longitude and elevation above sea level are shown in Table 1 . 
STATISTICAL ANALYSIS
Descriptive statistical analysis for the weather elements were performed to calculate the mean, which is the total value divided by the number of observation and the range, which is the difference between highest and lowest values [SENDECOR, COCHRAN 1980] . Analysis of variance was done using one factor randomize complete block design (governorates), with 30 replications (number of years). Then, the means was separated and ranked using least significant difference test (LSD 0.05 ) [SENDECOR, COCHRAN 1980] . Furthermore, coefficient of determination (R 2 ) between each weather element and PET was calculated to test the strength of the relationship between them [DRAPER, SMITH 1987] .
RESULTS AND DISCUSSION
CLIMATE NORMALS AND PET VALUES
The climate normals and PET values for each governorate are presented in Table 2 . The results indicated that there was a gradient from North to South of Egypt for solar radiation, maximum and mean air temperature where the range between low and high value of solar radiation was 2.97 MJ·m -2 ·day -1 and it was 8.02 and 4.18°C for maximum and mean air temperature, respectively. KHALIL et al. [2011] indicated that the range for mean temperature was 6.2°C when using 10-year weather data from 1997-2006. Regarding to minimum and dew point temperature, it is high in the Nile Delta and Middle Egypt and start to be lower from El-Minia to Aswan governorates. Wind speed is decreasing from North to South, with 0.96 m·s -1 difference between high and low values. KHALIL et al. [2011] indicated that the range for wind speed was 1.6 m·s -1 when 10-year weather data was used to calculate PET. The interactive effect of these climate data on PET showed an increase in its values as we go South of Egypt. The highest R 2 values were found between maximum air temperature and PET, followed by mean air temperature, i.e. 0.91 and 0.86, respectively. Low R 2 value was obtained between wind speed and PET. Similar results were obtained for mean temperature and wind speed by KHALIL et al. [2011] when 10-year weather data was used to calculate PET. 
ANALYSIS OF VARIANCE
Analysis of variance indicated that both years and PET values were significantly differed (Tab. 3). The years in the analysis are an indirect indication of weather conditions and consequently it affects the values of PET. Similar results were obtained by KHA-LIL et al. [2010] , where both years and PET was significantly differed. . Similarly, zone (7) contains one governorate, i.e. Aswan with PET value equal to 6.17 mm·day -1 (Tab. 4). The results in the Table 4 revealed that the governorates of Middle Egypt were separated and joined Nile Delta governorates and Upper Egypt governorates, where El-Giza and Fayom joined Nile Delta governorates and Beni Sweif and El-Minia joined Upper Egypt governorates (Fig. 2) .
CONCLUSION
The presented methodology in this paper classified the old land of heavy soils in Egypt into 7 agro--climatic zones. Such zoning will increase the ability of the Egyptian policy makers to prepare the appropriate developmental policies, where the availability of proper information on each zone can help them. Furthermore, this methodology is easy to be implemented in the developing countries, where low technology is available.
